Abstract: The paper presents a study of the thermal properties of some aromatic polyethers obtained by phase transfer catalysis technique. The polymers were synthesized starting from 1,8-dichloro-octane and various bisphenols: 4,4'-dihydroxyazobenzene, 4,4'-dihydroxydiphenyl, bisphenol A and 2,7-dihydroxynaphthalene. Molecular simulations were performed in order to obtain supplementary information concerning the chain conformation and inter-chain interactions. The presence of azobenzenic moieties induces high phase transition values, situated near the thermal stability limit. Therefore, the thermogravimetrical study of these polymers is very important for establishing the temperature limits for DSC and optical microscopy studies. All the polymers present a good thermal stability situated above the isotropization values. In these circumstances no special precautions are necessary for the characterization methods of the liquid crystalline behavior. The kinetic characteristics suggest a similar degradation mechanism by successive reactions. The inter-chain interactions do not in®uence the thermostability of the samples if the polar surface of the polymer is situated below a certain value.
Introduction
Liquid crystalline polymers (LCP) represent an interesting research¯eld, due to the unique behavior of these materials, which combine two fundamental properties of matter: order and mobility [1, 2, 3, 4] . Our previous studies were focused on the synthesis of aromatic LCP polyethers with mesogenic groups in the main chain [5, 6, 7, 8] . This type of structure induces high phase transition values, situated near their thermal stability limit. One of the mesogenic units used in our syntheses is the azobenzene because the presence of such moieties within the backbone of the polymers or as side-chain groups confers the possibility of using them as optical memory systems. The analysis performed on the synthesized polymers evidenced a relatively low thermal stability of the polyethers containing azo groups compared with those without azo moieties. In these cases the temperature limit corresponding to the starting of the weight loss was situated around 250 ± C, below the isotropization temperature [13, 19] . Therefore, a standard characterization of the liquid crystalline behavior (two heating/cooling scans) was impossible. Besides the fact that the thermogravimetrical study is important for establishing the temperature limits for DSC and optical microscopy studies, these polymers are thermoplastic, and thus they can be processed using conventional melt-based techniques (extrusion, compression molding, injection molding). Hence, it is highly relevant to know the temperature limits at which they may be manipulated. This paper presents a study of the thermal properties of some aromatic polyethers. The polymers were synthesized starting from 1,8-dichloro-octane and various bisphenols as follows: 4,4'-dihydroxyazobenzene (DHAB), 4,4'-dihydroxydiphenyl (DHD), bisphenol A (BPA) and 2,7-dihydroxynaphthalene (DHN). Molecular simulations were performed in order to obtain supplementary information concerning the chain conformation and inter-chain interactions.
Experimental
The polyethers were synthesized by phase transfer catalysis technique in a liquid/liquid system. The details concerning the synthesis and characterization have been previously reported [6, 7] . The number-average molecular weights were calculated using 1 H-NMR spectra [5, 6, 7] . The thermal behavior was investigated on a MOM-Budapest derivatograph, in static air atmosphere, using a heating rate of 10 ± C/min. The thermogravimetrical characteristics were evaluated using di®erent techniques and Coats-Redfern [10] ). The molecular simulations were performed using a Hyperchem [11] program, on the isolated chain, with a polymerization degree similar to the experimental ones (DP = 10-14). The initial macromolecular conformation of the simulated polyethers was optimized, the criterion of the energy convergence being less than 0.1 kJ/mol¢ º A. Minimization was performed using a conjugate-gradient algorithm. To estimate the polar surfaces the QSAR property module was used. The polar surface was calculated as the ratio between the polar atoms surface (O and N) and the total surface of the simulated chain. This value was used for a quanti¯cation of the dipole-dipole interactions.
Results and discussion
The copolyethers were obtained according to the reaction Scheme 1. Table 1 presents some characteristics of the synthesized polymers. The molecular weights of the samples are typically situated in the oligomeric domain. Details concerning the synthesis and LC properties (evidenced by DSC and optical microscopy in polarized light) of the investigated polymers will be published elsewhere [21] . For a better understanding of the in°uence of chain conformation, chain interactions and chain°exibility over the LCP behavior, the research was directed toward obtaining oligomers and not polymers. Still, high values of the transition temperatures were obtained. Generally, the isotropization temperatures were situated above 250 ± C. In these circumstances, a careful study regarding the polymers' thermal behavior is necessary.
In Figures 1 and 2 two typically thermograms are presented; they re°ect two di®erent degradation mechanisms (in two or three steps) as a function of the chemical structure.
The thermal e®ects that accompany the thermal degradation are endo-or exothermic, and they re°ect the complexity of the process. The exothermal e®ect corresponding to the last step is typically for thermo-oxidative processes. The repeating units and copolymerization ratio in°uence the degradation rate. This is suggested by the temperature ranges where the degradation process takes place (Table 2) . Table 2 also includes the initial temperature values of the degradation processes corresponding to similar polymers with a hexamethylenic spacer [12] . If the starting temperatures of the degradation processes were situated in the same domain (320-330 ± C) for the octomethylenic spacer as in the case of hexamethylenic spacer, the situation is di®erent. This behavior is surprising, taking into consideration that both polymers' groups have similar structures, only the°exible spacer's length being di®erent. For a better understanding of this behavior, theoretical conformational analyses were e®ectuated. In our previous studies, the molecular modeling was very helpful in explaining the speci¯c degradation phenomena [8, 12, 13] or supra-molecular behavior [14, 15, 16, 17] . If the polar surface is less than 5-5.5%, these studies indicate that the degradation process is not a®ected by the chain polarity [12, 13] . This fact was con¯rmed by the present investigations for all the polymers whose polar surfaces were situated below 3.2%. In these circumstances, the increasing or decreasing of the polar surface does not a®ect the thermal degradation process.
As for the chain conformation, for all the polymers with an octomehtylenic spacer a linear geometry was evidenced ( Fig. 3 and 4) . Two types of bisphenol geometry were used: linear (DHAB, DHD, DN) or bent (BPA).
If comparing the¯rst nine samples that contain DHAB, one can observe that the combination between DHAB and BPA leads to the best thermostability. Theoretically, the presence of a bent bisphenol (BPA) in the chain must have as a result an increase of the inter-chain distances and a decrease of the inter-chain interactions. This causes a decrease of the thermal stability. For the octomethylenic spacer, the results contradict the theoretical behavior, but are in agreement with our previous studies that concerned the limits of the in°uence of the polar interactions on the thermal degradation process. Table 3 presents the kinetic characteristics of the experimental results. One can observe that the activation energies of the thermal decomposition process are similar for both methods used (Freeman-Caroll or Coots-Redfren). But the activation energy values are di®erent as a function of the copolymerization ratio and the chemical structure of the repeating unit.
In order to obtain supplementary information concerning the degradation mechanism, the compensation parameter [22, 23] was calculated. The compensation e®ect re°ects an activation energy (E) increase during the degradation process that has as a consequence a reduction of the degradation ratio; while the pre-exponential factor (A) increase follows a linear relation: ln A = aE + b. For our polymers, the compensation parameter can be considered constant (within the limits of the experimental errors) and con¯rms the degradation mechanism of successive reactions. These results are in agreement with previous information obtained for similar polymers using a TG-MS technique (thermogravimetry combined with mass spectrometry) [18, 19, 20] .
Another argument concerning a similar degradation mechanism for all the samples is the linear dependence of the ln A = f (E) as one can observe in Fig. 5 . The equation corresponding to this dependence is: ln A = 0.158 E -1.
Conclusions
All the polymers present a good thermal stability situated above the isotropization values. In these circumstances no special requirements are necessary for the characterization methods of the LC polymers (DSC and thermo-optical microscopy in polarized light). The kinetic characteristics suggest a similar degradation mechanism by successive reactions for all samples. The inter-chain interactions do not in°uence the thermostability of the samples, as long as the polar surface of the polymer is situated below 5-5.5 %.
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